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Abstract:    This paper proposes a new on-chip voltage 
down converter(VDC), which employs a new reference 
voltage generator(RVG). The converter adopts a 
temperature-independence reference voltage generator, and 
a voltage-up converter. The architecture of the proposed 
VDC has a high-precision, and it was verified based on a 
0.25  1P5M standard CMOS technology. For 2.5V to 
1.0V conversion, the RVG circuit has a good characteristic 
such as temperature dependency of only 0.2mV/ , and the 
voltage-up circuit has a good voltage deviation within 0.12% 
for 5% variation of supply voltage VDD. The output 
voltage is stabilized with 1mV for load current varying 
from 0 to 100mA. 

1. Introduction 

Recently, supply voltage is scaling down because of 
reducing oxide thickness and increasing demand for low-
power portable equipment. Currently, 3.3V power supplies 
are commonly used; soon, circuits operating with 1.2V or 
less will be introduced. Voltage down conversion 
eliminates multiple supply voltage pins from memory 
device packages and extra power supply circuits. Low 
internal voltage makes it possible to lower internal signal 
levels enhancing device reliability and provides with more 
stable characteristics for temperature changes and process 
variations. 

The designs of voltage down converters are to meet the 
differences in current profiles of storage arrays and 
peripheral circuitry. The voltage down converter for storage 
arrays aims at stability with high but isolated change in 
driving current bursts. The one for peripheral circuitry 
handles lower and more frequent current bursts. It would be 
more convenient to design voltage down converters 
separately for storage arrays and peripheral circuitry. 

Two design concerns are reported in voltage down 
converter circuits: low power consumption and stability in 
operation. A lower voltage operation brings substantially 
lower power consumption since the power consumption is 
proportional to the square of the operating voltage. Then, 
the stability issue of a voltage down converter reports the 
minimal voltage changes due to some operational 
disturbances such as external supply voltage fluctuations, 
abrupt internal current surge and temperature changes. It 
helps to get normal operations under some external power 
supply voltage fluctuations, say 10%, without excessive 
additional circuitry. Without circuitry having some slight 
voltage increase along the ambient temperature, 
memories typically experience slower access. It is also 
to allow some tolerance on internal voltage affected by 

parameter variations during a silicon fabrication process [1]. 
These are the reasons, in semiconductor memory devices, 
to achieve both low power operation and stability in 
operation, of which an on-chip DC-to-DC voltage down 
converter(VDC) is strongly desired. 

In this paper, we propose a voltage-up circuit based 
VDC. Employing a bandgap reference(BGR) based on 
vertical parasitic bipolar in n-well, the circuit achieves good 
insensitivity characteristics of temperature and external 
supply voltage. Therefore, it is suitable for the low-power 
memory chips. 

2. Design and Analysis of VDC 

A voltage down converter for converting an external power 
voltage into an internal power voltage and providing the 
internal power voltage to an internal circuitry comprising is 
defined by: a reference voltage generation means for 
receiving the external power voltage and generating a 
constant reference voltage where variation of the external 
power voltage and change of circumstance temperature are 
compensated; a reference voltage converting means for 
converting the reference voltage from the reference voltage 
generation means into a reference voltage for stress mode 
or a reference voltage for normal mode; and a driving 
means for receiving the references to generate the internal 
power voltage required to operation of the internal circuitry. 
The basic blocks of the conventional VDC include a start-
up, a reference voltage generator, a voltage-up converter, 
and a pass device circuit with low output impedance and 
large driving capability [2][3].  

This paper relates to a circuit for generating a reference 
voltage in a semiconductor device and particularly to an 
internal voltage down converter which produces an internal 
supply voltage by down-converting an external supply 
voltage. 

2. 1 Design of proposed VDC 

Two aspects are important in voltage down converter 
design: lower impedance of power supply node and 
stabilization of the DC output level. It is difficult to an 
optimized design for both design concerns at the same time. 
Two different approaches are employed to meet these 
design variables: internal voltage source and reference 
voltage source. An internal voltage source is designed 
primarily aiming at lower output impedance so that it can 
supply constant current on loads with varying impedance. A 
design of a voltage reference source, on the other hand, 
concentrates to overcome variations in external operational 
conditions such as external supply voltage fluctuations and  
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(a) Proposed RVG circuit 

(b)Wide-swing differential amplifier   (c)Voltage-up circuit  

Fig. 1 Proposed VDC circuit 

temperature changes. A successful voltage down converter 
is to take advantages of these two different design 
approaches. 

2. 2 Analog of proposed VDC 

Fig. 1 is the circuit of proposed VDC, which is composed 
of a reference voltage generator based on bandgap 
reference, and a voltage-up circuit with low output 
impedance and high-driving capability. The function of the 
RVG is to produce a stable reference voltage Vref that is 
free from fluctuations of external supply voltage VDD and 
temperature. The proposed bandgap RVG circuit consists of 
a CMOS wide-swing differential-amplifier, parasitic BJTs, 
and resistors. The voltage-up circuit consists of a 
differential amplifier, a MP pass device and a level-shifter 
consists of a MA ppMOS device, a RDrv driving resistor and 
two MOSFETs M11 and M1122 for voltage feedback. The 
wide-swing differential amplifier adjusts the internal supply 
voltage Vint level to match the Vint shift level with the Vref
level. Because of the high drivability requirement of VDC, 
the pass device size of MP is relatively large. 

Major concerns of bandgap reference circuit designs are 
to obtain a stable voltage level even with power supply 
fluctuation, process parameter scattering and ambient 
temperature variation. Various circuit innovations are 
applied to keep an accurate and precise voltage level at the 

output of a reference voltage generator. We now review 
some of representative designs in terms of stability and 
immunity against power and junction temperature changes.                     

In this design some modifications are made to the 
circuit of conventional RVGs[2]. The main differences are 
that an amplifier with a nMOS input stage is used and the 
inputs of the amplifier are connected to native nMOS stage 
instead of pMOS input stage. The resulted circuit is shown 
in Fig. 1(b). In addition, the output impedance of the 
current sources is improved by adding cascode devices. 
This is important in order to reduce the supply voltage 
sensitivity of the voltage Vref.. WWhheenn tthhee ssuumm ooff tthhee vvoollttaaggeess
aaccrroossss RR11aa aanndd RR11bb iiss eeqquuaall ttoo VVEEBB11,, tthhee vvoollttaaggee wwiitthh rreessppeecctt
ttoo ggrroouunndd aatt VV33 aanndd VV44 iiss ((RR11bb//((RR11aa++RR11bb)))) ··VVEEBB11..

      ||max( 1,
11

1
1min NMTNM

ba

b
EB V

RR
RVVDD     (1) 

|)||,| 5,3. MPTPrefMPDSAT VVV

IInn tthhee oorriiggiinnaall ddeessiiggnn tthhee ooppeerraattiioonnaall--aammpplliiffiieerr((oopp--aammpp))
iinnppuuttss aarree ccoonnnneecctteedd ttoo tthhee vvoollttaaggeess VV11 aanndd VV22 tthhaatt aarree
rroouugghhllyy iinn 00..44VV--ttoo--00..66VV lleevveell,, wwhhiicchh iiss nnoott aa ssuuiittaabbllee iinnppuutt
ffoorr aann oopp--aammpp iinn aa 11VV--ttoo--22..55VV ddeessiiggnn.. TToo oovveerrccoommee tthhaatt
tthhee rreessiissttoorrss RR11 aanndd RR22 aarree ddiivviiddeedd iinnttoo ttwwoo sseerriieess ccoonnnneecctteedd
ppaarrttss.. NNooww tthhee vvoollttaaggeess VV33 aanndd VV44,, wwhhiicchh aarree nnoommiinnaallllyy sseett
bbeettwweeeenn 115500 aanndd 220000mmVV,, aarree iinn pprrooppeerr rraannggee ffoorr aann oopp--aammpp
wwiitthh ppMMOOSS iinnppuutt ttrraannssiissttoorrss..

Fig. 1 (b) illustrates the structure of the native nMOS, 
which is easily fabricated by CMOS option process. The 
transistors, with V3 and V4 applied to the gates, are native 
nMOS transistors(VTH==-0.15V) because the threshold 
voltages of the enhancement- mode nMOS transistors 
exceed V-feedback iinn tthhee ssttaannddaarrdd 00..2255 CCMMOOSS pprroocceessss..

AA ccuurrrreenntt wwhhiicchh iiss pprrooppoorrttiioonnaall ttoo tthhee aabbssoolluuttee
tteemmppeerraattuurree((PPTTAATT)) iiss ggeenneerraatteedd aanndd aaddddeedd iinnttoo aa bbaassee--
eemmiitttteerr vvoollttaaggee ooff QQ33.. FFrroomm FFiigg.. 11((aa)),, MM11~~MM66 ffoorrmm ccaassccooddee
ccuurrrreenntt mmiirrrroorrss wwhhiicchh ccaann ooppeerraattee ffoorr lloowweerr ssuuppppllyy vvoollttaaggee..
TThhee aammpplliiffiieerr eennffoorrcceess VV33 aanndd VV44 ttoo hhaavvee eeqquuaall ppootteennttiiaall..
AAss aa rreessuulltt,, VV11 aanndd VV22 aallssoo hhaavvee tthhee ssaammee ppootteennttiiaall wwhheenn
RR11aa==RR22aa aanndd RR11bb==RR22bb.. TThheerreeffoorree,, ggeenneerraatteedd ccuurrrreenntt iiss ggiivveenn
bbyy
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wwhheerree NN iiss tthhee eemmiitttteerr aarreeaa rraattiioo,, VVTT iiss tthhee tthheerrmmaall vvoollttaaggee,,
aanndd R1=R1a+R1b=R2=R2a+R2b.. TThhee ccuurrrreenntt II iiss iinnjjeecctteedd ttoo
RR44 bbyy tthhee ccuurrrreenntt mmiirrrroorr ffoorrmmeedd bbyy MM33,, MM44,, aanndd MM55,, aanndd
tthhiiss ggiivveess tthhee rreeffeerreennccee vvoollttaaggee aass ffoolllloowwss::
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AA ssccaalleedd--ddoowwnn bbaannddggaapp rreeffeerreennccee vvoollttaaggee ccaann bbee
oobbttaaiinneedd bbyy aann aapppprroopprriiaattee rreessiissttoorr rraattiioo ooff RR44 ttoo RR22..
MMoorreeoovveerr,, ttrriimmmmiinngg oonn tthhee rreessiissttoorr rraattiioo((rraattiioo ooff RR22 ttoo RR33))
ttoo aacchhiieevvee aa ggoooodd TTCC ccaann bbee ddoonnee oonn RR11aa aanndd RR22aa
ssiimmuullttaanneeoouussllyy.. TThhiiss ssttrruuccttuurree iiss ssuuiittaabbllee ffoorr aannyy CCMMOOSS
tteecchhnnoollooggyy ttoo iimmpplleemmeenntt llooww--vvoollttaaggee bbaannddggaapp rreeffeerreennccee..
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The proposed voltage-up circuit is shown in Fig.1 (c). 
The voltage-up circuit can be converted the output voltage 
of bandgap reference Vref into a higher internal supply 
voltage VINT. And it should have enough current supply 
capability and low output impedance so that the VINT is not 
very much affected by the large loading current fluctuation. 
So the size of pass device MP is relatively large. 

The circuit is composed of a feedback amplifier and a 
MMPP,, RDrv,, MMAA,, MM1122,, aanndd MM1133,, wwhhiicchh ppllaayyss aann iimmppoorrttaanntt rroollee
iinn oobbttaaiinniinngg ffuurrtthheerr aaccccuurraaccyy iinn tthhee oouuttppuutt vvoollttaaggee ooff tthhee
vvoollttaaggee--uupp cciirrccuuiitt.. TThhee oouuttppuutt vvoollttaaggee VVIINNTT iiss IIPPTTAATT RRDDrrvv

VVTTPPAA++VVTTPP1122 ++VVSSAATT1133 wwhheerree VVTTPPAA iiss tthhee bbuuiilltt--iinn vvoollttaaggee ooff
tthhee tthhrreesshhoolldd vvoollttaaggee ooff ppMMOOSS ddeevviiccee.. To minimize the 
voltage error of VINT from the nominal value VDD for a 
maximum Vref-range, the trimming characteristics should be 
designed such that any two adjacent lines pass through 
points(Vref,,VDD- VINT) and (Vref,,VDD+ VINT), as suggested 
by the vertical broken lines in FFiigg..11((cc))..

|)(| 1312 TPTPTPADRVPTATINT VVVRIV         (4) 

||12
1

2
TPAref VV

3.  Simulation Results 

The proposed on-chip VDC is designed to provide a 
constant DC voltage around 1.0V with external supply 
voltage of 2.5V. Also, the proposed RVG can be 
successfully lowered in the HSPICE simulation when the 
threshold voltages are optimized for a low-voltage and a 
wide-range voltage operation. The proposed VDC is 
designed with a 0.25  CMOS technology. 

3. 1 Simulation results of VREF 
For the temperature effects, the simulation results are 

shown in Fig.2. Here, in the conventional RVG, Vref is 
about 1.25V, and the VDD minimum is 3.3V. However, in 
the proposed RVG, the operation voltage is simply limited 
by the resistance ratio of R1, R2, and R4 and little influenced 
by the absolute value of the resistance. So the VDD
minimum varies with the temperature. Fig. 2 shows the 
measured Vref characteristics of the proposed RVG. Vref is 
0.575V(at 27 )±0.015V from -20  to 100  at 2.5V 
supply voltage.                                            

TThhee pprrooppoosseedd VVDDCC uussiinngg tthhee ddeessiiggnneedd bbaannddggaapp
rreeffeerreennccee vvoollttaaggee ggeenneerraattoorr ddeeppeennddss oonn tthhee mmaattcchhiinngg ooff
ccuurrrreenntt mmiirrrroorr.. HHoowweevveerr wwhheenn tthhee ssuuppppllyy vvoollttaaggee iiss
cchhaannggeedd,, ccuurrrreenntt mmaattcchhiinngg ooff aa ssiimmppllee ccuurrrreenntt mmiirrrroorr wwiillll
bbee ddeeggrraaddeedd.. WWiiddee--sswwiinngg ccaassccooddee ccuurrrreenntt mmiirrrroorr ccaann bbee
uusseedd ttoo iimmpprroovvee tthhee ppeerrffoorrmmaannccee.. AAnnootthheerr eeffffeeccttiivvee mmeetthhoodd
iiss ttoo mmaakkee uussee ooff aammpplliiffiieerr..

TThhee aammpplliiffiieerr eennffoorrcceess tthhee ttwwoo iinnppuuttss hhaavviinngg eeqquuaall
vvoollttaaggee aanndd PPTTAATT ccuurrrreenntt ccaann bbee oobbttaaiinneedd.. TThhee ooppeerraattiioonnaall
pprriinncciippllee iiss tthhee ssaammee aass tthhee oonnee uussiinngg ccuurrrreenntt mmiirrrroorr..
HHoowweevveerr,, tthhee ssuuppppllyy ddeeppeennddeennccee iiss ggrreeaattllyy rreedduucceedd ssiinnccee
tthhee aammpplliiffiieerr iiss aabbllee ttoo eennffoorrccee tthhee ttwwoo iinnppuuttss ttoo bbee eeqquuaall aatt
ddiiffffeerreenntt ssuuppppllyy vvoollttaaggeess.. Fig. 2 shows the measured Vref
characteristics of the proposed RVG at VDD((aatt 22..337755VV,,
22..55VV,, aanndd 22..662255VV)) variations. 

Fig. 2 Hspice result of Vref voltage as a function of 
temperature at VDD variations 

Fig. 3 Frequency response of the voltage-up converter 

3. 2 Simulation results of VINT 

TThhee VVoollttaaggee--uupp cciirrccuuiittss sshhoouulldd hhaavvee eennoouugghh ccuurrrreenntt
ssuuppppllyy ccaappaabbiilliittyy aanndd aa llooww oouuttppuutt iimmppeeddaannccee ssoo tthhaatt tthhee
oouuttppuutt vvoollttaaggee iiss nnoott vveerryy mmuucchh aaffffeecctteedd bbyy tthhee llaarrggee
llooaaddiinngg ccuurrrreenntt fflluuccttuuaattiioonn.. FFiigg.. 33 sshhoowwss tthhee ssiimmuullaatteedd ggaaiinn
aanndd pphhaassee vveerrssuuss ffrreeqquueennccyy ffoorr vvoollttaaggee--uupp wwiitthh pp--ttyyppee ppaassss
ttrraannssiissttoorr MMPP.. WWhheenn tthhee llooaadd iimmppeeddaannccee vvaarriieess ffrroomm 1100 ttoo
22 ((RRllooaadd ffrroomm 110000mmAA ttoo 00..55mmAA)),, tthhee pphhaassee mmaarrggiinn iiss oonnllyy
aammoonngg 6600°° ttoo 9900°°,, eennoouugghh ttoo eennssuurree tthhee lloooopp ssttaabbiilliittyy ffoorr
sseemmiiccoonndduuccttoorr ddeevviiccee.. FFiigg..44 iiss tthhee ssiimmuullaattiioonn rreessuulltt ooff VVIINNTT
ffoorr ddiiffffeerreenntt ssuuppppllyy vvoollttaaggeess,, wwhhiicchh ccaann pprroovviiddee aa ssttaabbllee
vvoollttaaggee aarroouunndd 11..00VV wwiitthh eexxtteerrnnaall ssuuppppllyy vvoollttaaggee ooff 22..55VV..
AA ccaappaacciittaannccee CCllooaadd==2200PPFF aanndd rreessiissttaannccee RRllooaadd==33 aarree
uusseedd aass tthhee llooaadd iimmppeeddaannccee.. OOnnllyy ±±00..1122%% ddeetteerriioorraattiioonn ooff
VVIINNTT ffoorr ±±55%% vvaarriiaattiioonn ooff ssuuppppllyy vvoollttaaggee VVDDDD iiss aacchhiieevveedd..
FFoorr tteemmppeerraattuurree eeffffeeccttss,, tthhee ssiimmuullaattiioonn rreessuullttss sshhoowwnn iinn
FFiigg..55 iinnddiiccaattee tthhaatt tthhee tteemmppeerraattuurree ddeeppeennddeennccyy ooff VVIINNTT iiss
oonnllyy 00..22mmVV// wwiitthh tthhee tteemmppeerraattuurree rraannggiinngg ffrroomm --2200 ttoo
110000 .. TThhee ssiimmuullaattiioonn rreessuullttss sshhoowwnn iinn FFiigg..66 iinnddiiccaattee tthhaatt
tthhee pprrooppoosseedd VVDDCC ccaann pprroovviiddee aa mmaaxxiimmuumm oouuttppuutt ccuurrrreenntt
ooff 110000mmAA wwhheenn tthhee oouuttppuutt vvoollttaaggee VVIINNTT iiss ssttaabbiilliizzeedd aabboouutt
11..00VV.. FFiigg..66 sshhoowwss tthhee ssiimmuullaatteedd rreessuulltt ooff VVIINNTT ffoorr ddiiffffeerreenntt
llooaadd ccuurrrreenntt.. VVIINNTT iiss aammoonngg 11..00002222VV ttoo 11..00004444VV wwhheenn tthhee
llooaadd ccuurrrreenntt cchhaannggeess ffrroomm 00 ttoo 110000mmAA.. FFiigg..77 sshhoowwss tthhee
ssiimmuullaatteedd ttrraannssiieenntt rreessppoonnssee ooff tthhee VVDDCC.. TThhee oouuttppuutt ooff tthhee
VVDDCC ccaann ssttaabbiilliizzee vveerryy qquuiicckkllyy wwhheenn tthhee oouuttppuutt iimmppeeddaannccee
iiss vvaarryyiinngg.. TThhee ttrraannssiieenntt rreessppoonnssee ttiimmee iiss oonnllyy 00..44 ..
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Besides the pMOS pass device(Mp), the total current of 
VDC 13.2 , which requires standby power dissipation of 
33.0 .

The output voltage(VINT) is stabilized around 1.0V. 
Because the negative feedback in the voltage-up circuit can 
offer an adequate phase margin, and the output of the VDC 
will stabilize very quickly when the output impedance is 
varying. If a shorter transient response time is required, the 
voltage-up circuit should be biased at a higher current, 
which will take a larger power dissipation on standby mode 
of the VDC. Finally, the performance comparison of 
existing VDC is summarized in Table. 1. 

Table 1. Performance comparison of proposed VDC  

Fig. 4 Hspice result of VINT and VREF voltage as a function 
of VDD variation 

Fig. 5 Hspice result of VINT voltage as a function of 
temperature 

Fig. 6 Hspice result of VINT as a function of output current 

     

Fig. 7 The transient characteristic of the VINT 

4. Conclusion 
An on-chip VDC for analog and digital mixed circuit 

has been developed. It uses a negative-type voltage-up 
circuit with stability, relatively small temperature 
dependency, and small standby power dissipation. 
Therefore, it is well suited for low power IC chip. It 
converts 2.5V supply voltage to 1.0V in the internal supply 
voltage. In HSPICE simulation results, internal voltage is 
bounded (about 1.0V) in the proposed circuit when 
transient rapidly increases during 0.4 . It has a couple of 
good characteristics such as low temperature dependency of 
only 0.2mV/  and small voltage deviation within ±0.12% 
for ±5% variation of power supply voltage. This circuit is 
designed with a 0.25  CMOS technology. 
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